Newcompounds, structurally related to the potent protein kinase C inhibitor staurosporine, and substituted on the imide nitrogen with a functional group bearing a labile hydrogen (hydroxymethyl, amino, hydroxy), were synthesized. Their in vitro inhibitory potencies towards protein kinase C and protein kinase A showed that TV-hydroxymethyl and N-hydroxy substitution, unlike alkyl substitution, can provide efficient protein kinase C inhibitors. The antimicrobial activities of these new compoundsagainst Streptomyces chartreusis and Streptomyces griseus, Bacillus cereus, Escherichia coli, Candida albicans and Botrytis cinerea were examined. They proved to be inactive against E. coli and two fungi. The results suggest that there is no link between in vitro inhibition of protein kinase C and inhibition of growth and sporulation of the two Streptomyces tested. Unlike indolocarbazole maleimides, bis-indole maleimides are active against the two Streptomyces species.
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In a previous paper1}, we reported the antimicrobial activities against Streptomyces chartreusis and Streptomyces griseus, Bacillus cereus, Escherichia coli, Candida albicans and Botrytis cinerea of compoundsstructurally related to the protein kinase C (PKC) inhibitors staurosporine2 '3) and K-252a4) ( Fig. 1 Accordingly, we investigated the syntheses, inhibitory potencies against PKCand PKA, and antimicrobial activities against the same microorganisms, of new compounds in these series, 2~7, substituted on the imide nitrogen with functional groups bearing a labile hydrogen (Fig. 2) . Their frameworks are stiffer than that of 1 and were thus expected to provide a stronger PKCinhibitory effect.
Results and Discussion The starting material for the synthesis of compounds 1~3, TV-substituted with a hydroxymethyl group, was bis-indolyl-Af-benzyloxymethylmaleimide 8 (Fig. 3 ) prepared from A^-benzyloxymethyldibromomaleimide and indolyl-MgBr.6'10) Hydrogenolysis of 8 using palladium hydroxide in ethyl acetate gave 2 in 50% yield. Photooxidation of 8 in acetonitrile with a mediumpressure mercury lamp (400 W) afforded indolocarbazole 9 in 58 % yield. Hydrogenolysis of 9 on Pd/C in ethanol yielded 3 (48% yield). 7V-hydroxy bis-indole 6 was an-efficient PKCinhibitor.
As expected from the preliminary results obtained for 16), the more rigid maleimide 2 was much more active. Compound3, bearing a maleimide heterocycle and an indolocarbazole framework, was inactive towards PKC.
This agrees with the weaker inhibitory properties of maleimides versus maleamides in the indolocarbazole series observed previously6).
Our TV-substituted compounds, except 1, have lower or similar PKCinhibitory potencies compared with the parent 7V-unsubstituted compound.6) A substitution with an alkyl group on the imide nitrogen leads to inactivity, substitution with a hydroxymethyl, a hydroxy or an amino group can afford PKCinhibitors. The antimicrobial activities of 1~7 against the microorganisms previously cited were tested. The inhibitions of growth and aerial mycelium formation were examined on the two Streptomyces species (Table 1 ) and compared to the inhibitions induced by staurosporine.
Compounds 1~7 had no growth inhibitory effect against two fungi (B. cinerea and C. albicans) and against E. coli. 2, 6 and 1, the strongest PKCinhibitors were active against the three Gram-positive bacteria tested. 4
(a very weak PKC inhibitor) was also active but 7, exhibiting a stronger inhibitory effect on PKCthan 4, had no antibacterial activity. (+ + + +), (+ + +), (+ +), (+), (±) and (-) mean very strong, strong, medium, weak , very weak and no activity.
The size of zones of growth inhibition was >15mm(++++), 12~15mm (+++), 10~12mm (++), 7~9mm(+), 6~7mm(+). Data for staurosporine: S. chartreusis g. +, sp. + + +, S. griseus g. ±, sp. + +. As previously reported1*, no evident correlation could be observed between the inhibitory potency towards PKC and the antimicrobial activity against the Gram-positive bacteria tested. Since staurosporine and K-252ainhibit the phosphorylation of several cell proteins in S. griseus, it seemed reasonable to correlate the inhibition of protein phosphorylation to the inhibition of sporulation5). Our results suggest that the inhibition of sporulation is not necessarily linked to the inhibition of Streptomyces protein phosphorylation by PKC. It may be induced via other pathways. Ochi et al.13) reported a possible role of ADP-ribosyltransferase in the sporulation of S. griseus. Ichimura et al.14) correlated the antitumor activity of duocarmycins to their antimicrobial activity, probably due to their ability to inhibit enzymes that damage DNA.
Somesubstances possessing PKCinhibitory potencies in vitro are inactive against the enzyme in vivo. This is so for KT 6124, a K-252a derivative substituted on the imide nitrogen with an amino group9). 1, 2 and 6 are efficient PKCinhibitors in vitro and exhibit antibacterial activity against the Streptomyces tested, but their inhibitory effect towards PKCin intact cells remains to be investigated. Even if they prove to be active against the enzyme in vivo, their antibacterial activity is not necessarily due to their PKC inhibitory effect.
In conclusion, these results extend our knowledge of the structure-activity relationships in the PKCfield. The bis-indoles 1, 2, 4 and 6, are active against the three Gram-positive bacteria tested, while the indolocarbazoles 3, 5 and 7 are not. This agrees with our previous findings for maleimide structures ( Compound 8 (lOOmg; 0.22mmol) in AcOEt (100ml) containing 0.5 n HC1 (3 ml) was hydrogenated for 3 hours (50 psi) in the presence of catalytic amounts of Pd(OH)2. After filtration, the solvent was removed. Purification of the residue by flash chromatography (eluent cyclohexane-AcOEt 50:50) afforded 2 as a red solid (39mg; 0.ll mmol; 50% yield). 115.6, 118.4, 121.4, 125.0, 129.2, 137.8, 140.3 (C quat.), 169.4 (OO).
6-Hydroxymethyl-5,7-dioxo-(5i/)-6,7, 12, 13-tetrahydro-indolo[2,3-a]-pyrrolo [3,4-c] -carbazole 3 9 (0.1 g; 0.224mmol) in ethanol (30ml) in the presence of catalytic amounts of Pd/C was hydrogenated for 2 hours (lOpsi). After filtration, the residue was washed with THFand the filtrate evaporated. Purification by flash chromatography (eluent cyclohexane -AcOEt 50 : 50) yielded 3 as a yellow powder (38mg; 0.107mmol; 48% yield).
IR (KBr): vc=o 1740cm"1; VNH and VOH 3100-3400 cm"1; mp >300°C; Mass (El) M+ 355 (12%). l -Hydroxy-2,3-bis(3-indolyl)-3-pyrrolin-2,5-dione 6
Anhydride 10 (300mg; 0.91 mmol) was dissolved in DMF (20ml 106. 4, 125.1, 125.8, 136.3 (Cquat), 111.6, 119.6, 121.4, 121.9, 129.2(Ctert) , 168 .5 (C=O).
6- 7, 12, a]-pyrrolo [3,4- was placed on agar plates.
